The symbol V refers to the particle velocity; z. is the depth of the free surface. The first sub-script refers to the geophone-type (x: horizontal, z: vertical) and the second sub-script refers to the stress source type. Any of the four sub-matrices represents a data matrix, its columns containing monochromatic shot records (Berkhout, 1985) . When designing a decomposition algorithm we are free to choose the physical quantity that represents the downgoing and upgoing wave fields. It appears to be attractive to express the decomposed wave fields in terms of stresses for the following three reasons:
The stresses imposed by the vibrators at the free surface 2 downgoing' are by definition the stresses of the wave fields at zo, hence, no source decomposition is required. The free surface reflectivity for upgoing waves expressed in terms of stresses is by definition minus one (-1). This simplifies the multiple elimination significantly (next section). The decomposition of the registered velocities at the free surface into upgoing waves can be carried out independently for each component. We only remark that they largely depend on the S-and P-wave velocity, respectively, of the first layer. Hence, the full matrix D(zo) depends largely on the Poisson ratio of the first layer. 
it becomes clear that a similar technique can be used for estimating S-l(@oo), i.e., the source signature and the Poisson ratio of the first layer.
Decomposition into P-and S-waves: kfore or after downward exlrapolation?
The effect of the preprocessing described in the previous two sections, is that upgoing stress "measurements" related to downgoing stress sources are available and that the free surface effects have been 
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Any of the four sub-matrices represents again a datamatrix, its columns containing decomposed monochromatic shot records. The first sub-script refers to the received upgoing wave type (p: compressional waves, s: shear waves) and the second sub-script refers to the downgoing source wave type. It can be shown theoretically that both procedures (5a) and (5b) yield identical results. However, procedure (5b) has some practical advantages that will now be discussed. In analogy with the acoutic situation (Berkhout, 1985) , the downward extrapolation in (5b) can be written as Xo(zm) = F-(zm,zo)Xo(zo)F+(zo~zm). In both approximations, the neglected terms are of second order since they all contain a product of two converted terms (PS or SP). Similar approximations cannot be derived for the downward extrapolation algorithm in equation (5a). Equations (9a) and (9b) for downward extrapolation after decomposition have three major practical advantages:
Both equations describe independent downward extrapolation of scalar wave fields, similar as in the acoustic situation. Hence, after some minor modifications "acoustic software" can be used.
The operators in equations (9a) and (9b) are determined by the P-wave and S-wave macro models, respectively. Hence, these equations are the basis for, respectively, P-wave and S-wave macro model estimation.
Equations (9a) and (9b) are robust with respect to small errors in the macro subsurface model. Taking the extra terms of equations @a) and (8b) into account is useful only when the P-and S-wave macro models are fully consistent. In the case of macro model errors, typically encountered in seismic practice, equations (8a) and (8b) involve an uncontrolled "out of phase" superposition of the different contributions. This may lead to less accurate results than those obtained by the approximate equations (9a) and (9b)! Note that in equation (5a), where the downward extrapolation is done before decomposition, the "out of phase" superposition occurs implicitly when the macro model is in error.
Decomposition at the surface, followed by downward extrapolation according to equations (9a) and (9b), is illustrated in Figures I to 4 . schemes are robust with respect to errors in the macro subsurface model. Hence, both in the acoustic and in the elastic situation downward extrapolation should be preceded by decomposition into one-way wave fields and, optionally, elimination of the free surface multiples (Verschuur et al (1989) ). From a theoretical point of view, further decomposition of the elastic one-way wave fields into P-and S-wave fields can be done either before or after downward extrapolation. From a practical point of view, however, also this second decomposition should be done at the surface because:
It allows independent extrapolation of scalar wave fields.
2. It facilitates independent estimation of P-and S-wave macro models.
3. It may give more accurate results than decomposition after downward extrapolation in the case of P-and S-macro model inconsistencies.
Since both decomposition steps (two-way -+ one-way ---t P and S) should be done at the surface they may just as well be combined in one algorithm (Wapenaar et al,  1990) . 
